ZOOLOGIA 27 (1): 19-29, February, 2010 area that has suitable conditions for its occurrence at a given time. In this area, not all localities are expected to be occupied concurrently. (TAYLOR & TAYLOR 1979 , CERQUEIRA 1995 .
Most methods used to determine potential distributions compare data from empirical points of known occurrence against data from localities where the species is supposedly absent. This procedure has several drawbacks since absence is hypothetical, whereas presence is empirical (FIELDING & BELL 1997) . One way to overcome such limitation is to compare data from the known occurrence of a target species with data from the localities of occurrence of phylogenetically related species. Considering that species occupy adaptive zones that are minimally distinct from one another, the comparison among data from true occurrence localities of different species can reveal the factors that contribute to shape the distribution of each. Such an approach can be particularly promising to modeling the potential distribution of allopatric and parapatric taxa (VILANOVA et al. 2005 , GRELLE & CERQUEIRA 2006 . However, the performance of this method in modeling the distribution of sympatric taxa remains to be assessed. To fill this gap, the present study addresses the use of discriminant analyses in modeling the potential distribution of Brazilian Atlantic Forest antbirds of Drymophila Swainson, 1824, a group that encompasses sympatric and syntopic species.
Drymophila includes eight species: six are endemic to the Atlantic Forest -D. squamata (Lichtenstein, 1823) , D. ferruginea (Temminck, 1822) , D. rubricollis (Bertoni, 1901) , D. genei (Filippi, 1847) , D. ochropyga (Hellmayr, 1906) , D. malura (Temminck, 1825) -, one lives in the Amazon region -D. devillei (Menegaux & Hellmayr, 1906 ) -, and one inhabits the Andes -D. caudata (Sclater, 1855) (RIDGELY & TUDOR 1994 , ZIMMER & ISLER 2003 .
The geographic distribution of Drymophila in the Atlantic Forest extends from the state of Alagoas (Northern Brazil) to the State of Rio Grande do Sul (Southern Brazil) and two neighboring countries, Paraguay and Argentina. Drymophila occurs from sea level to an elevation of 2,000 m, and the included species are geographically superimposed (WILLIS 1988 , RIDGELY & TUDOR 1994 , SICK 1997 , LEME 2001 , ZIMMER & ISLER 2003 , RAJÃO & CERQUEIRA 2006 . In a study on the elevational distribution and sympatry of Drymophila species in the Atlantic Forest, RAJÃO & CERQUEIRA (2006) demonstrated that, for most part, only one or two species occur in each locality, although up to six species have been registered in a few places. Their analysis also revealed that co-occurrence of species is restricted to narrow elevation bands, suggesting a low to moderate degree of sympatry and syntopy. (PINTO 1978 , ZIMMER & ISLER 2003 The objectives of this study were: (1) to analyze the correlation between occurrence localities of the species of Drymophila from the brazilian Atlantic Forest with climatic and vegetation predictor variables, (2) to model the potential distributions of these species, (3) to establish the factors determining the geographical distribution of these Atlantic Forest antbirds, and (4) to assess the performance of discrimant analysis to model the distribution of sympatric taxa.
MATERIAL AND METHODS
We compiled data on the occurrence localities of Drymophila spp. mostly from specimens deposited in Brazilian museum, including the following collections: Museu de Biologia Mello Leitão (ES), Museu de História Natural Capão da Imbuia (PR), Museu Nacional do Rio de Janeiro (RJ), Museu de Zoologia of the Universidade de São Paulo (SP) and the ornithological collection of the Departamento de Zoologia of the Universidade Federal de Minas Gerais (MG). Data from the literature and bona fide unpublished records were also included. Geographical coordinates and altitudes from occurrence localities were obtained from the following sources: UNITED STATES BOARD ON GEOGRAPHICAL NAMES (1963) , PAYNTER & TRAYLOR (1991) and VANZOLINI (1992) .
Additional records from North American collections and related geographical coordinates were kindly provided by P. Cordeiro (see CORDEIRO 2001) . Data recorded by P. Cordeiro were from the following collections: American Museum of Natural History (New York), National Museum of Natural History (Washington), Academy of Natural Sciences of Philadelphia (Philadelphia), Field Museum of Natural History (Chicago), Museum of Zoology of Louisiana State University (Baton Rouge).
We The climatic factors associated with a species make up the species' climatic envelope (HIJMANS & GRAHAM 2006) . In order to establish such an envelope we recorded the following climatic variables from each empirical point (locality): mean annual temperature, mean annual minimum temperature, mean annual maximum temperature, absolute minimum temperature, absolute maximum temperature, total mean annual rainfall, mean annual nebulosity, mean annual relative humidity and mean annual raining days. We chose the variables listed above because of their perceived biological relevance, and the spatiotemporal availability of data, obtained from a climate database elaborated by the LABVERT (Laboratório de Vertebrados, Universidade Federal do Rio de Janeiro). Data from localities with no meteorological stations were interpolated from the climate database, according to a methodology also developed by the LABVERT. This methodology has been used to study potential distribution of organisms (see VILANOVA et al. 2005 , GRELLE & CERQUEIRA 2006 .
Vegetation data for each empirical point were obtained from the "ecoregions digital map" (DINERSTEIN et al. 1995 , OLSON et al. 2001 (Fig. 1) . The ecoregions have similar limits to the plant formations shown in a brazilian official vegetation map (IBGE 1993) , called "Mapa de Vegetação do Brasil", produced by IBGE (Instituto Brasileiro de Geografia e Estatística).
To estimate the potential distribution of the Drymophila species we followed the discriminative heuristic approach proposed by colaborators (CERQUEIRA 1995, CERQUEIRA et al. 1998) . Following their method, we tested the normality of the climatic variables through a Kolmogorov-Smirnov test and transformed all values to their natural logarithms. In order to test for differences in climate requirements between species, we used two statistical tests: one way ANOVA and a Scheffé multiple range test, and a canonical discriminant analysis using all climate variables. When climate differences were detected, we proceeded as described below. A methodological necessity when trying to ascertain the potential distribution of a target species is to identify the climate variables that are correlated with its distribution (CERQUEIRA et al. 1998) . When climate differences were detected, we proceeded to identify which variables are important in the distribution of each species of Drymophila. To accomplish this goal, we used two analyses, following the procedures adopted by CERQUEIRA (1995): (1) an analysis of variance for each variable, contrasting the data associated with each species against the combined data for all other species; (2) a canonical discriminant analysis treating each species as a group and the set composed by the remaining species as another group. The variables selected by the analysis of variance (those significantly different at the 5% level) and by the canonical discriminant analysis (those most strongly correlated with the function) were used to draw climate envelop maps for each species. We performed all analyses using the SYSTAT version 7.0 package (SPSS 1997) .
Using the program Surfer 8.0 (GOLDEN 2002), we drew potential distribution maps for each species by taking isopleths of mimimum and maximum values for the climate variables previously selected by the statistical analysis. In a GIS we produced a vegetation map for each species (vegetation envelope) by clipping the ecoregions map in order to retain only the ecoregions with occurrence records. Then we used intersection operation to overlay the climate envelope and vegetation envelope maps for each species. The resultant layer delimiting the intersection area of these two maps represents the potential distribution. This final map is a spatially explicit hypothesis about the species geographical distribution. The clipping, overlay and the final layout of the maps were conducted using the program ArcView GIS version 3.2 (ESRI 2000). 
RESULTS

Potential distribuitions and their determinants
Climate envelope
The results from the one way analysis of variance and the Scheffé multiple range test are shown in table II. Eight out of nine variables were significantly different at the 5% level. Scheffé test results indicated that, with two exceptions, all variables (absolute maximum temperature and annual total precipitation) presented significant differences between at least two species. Linear discriminant analysis showed that 38.84% Climatic variables selected by the variance and discriminant analysis were used to estimate the climate envelope of each Drymophila species and plot the area delineated by its cli- 
DISCUSSION
All species studied occur only in the Atlantic Forest ecoregions. Therefore, the potential distribution hypotheses for these species are restricted to this biome, even though no climate envelopes were restricted to the Atlantic Forest boundaries.
A simple analysis overlaying the potential distribution map of each species with its climate and vegetational envelope maps indicated that either climate or vegetation, or a combination of both, are determinants of the potential geographic distribution of the Altantic Forest species of Drymophila. Among the six species analyzed, the distribution of three was delimited by climate alone; of two, by vegetation only; of one, by a combination of both factors.
Drymophila ferruginea and D. ochropyga had their potential distributions delimited only by vegetation, since the climate distribution of both species encompasses the totality of the Atlantic Forest. The potential geographical distribution maps of both species resulted in similar shapes.
Drymophila ferruginea occurs effectively in almost all of the Atlantic Forest up to the boundaries of two northeastern ecoregions (Pernambuco Coastal Forests and Pernambuco Interior Forests), which represent the northernmost limit of the species distribution, and the Atlantic Coast Restingas, which limits the species distribution in a very narrow southeastern coastal strip. Even though D. ferruginea could potentially occur in the Araucaria Moist forests, it is found only marginally in this region, which could be caused by the presence of its sister species D. rubricollis. In fact, D. ferruginea and D. rubricollis occur symparically only at middle elevations in a narrow strip of the southeastern mountains of Brazil (RAJÃO & CERQUEIRA 2006 The potential distribution of D. squamata is certainly the most distinctive. Contrasting with the potential distributions of the other five species, it extends farthest north and occupies a more restricted area in the southern Araucaria Moist Forests and Alto Paraná Atlantic Forests ecoregions. Also, with 85% of localities in coastal ecoregions, both the potential and empirical distributions of D. squamata contrast with the other species of the genus, which are less represented in coastal regions.
The species that presented the highest percentages of correctly classified localities in the discriminant analysis were D. malura and D. squamata. These two species have distinct ecological requirements when compared with the other four species of Drymophila, all of which are more specialized in bamboo habitats than D. malura and D. squamata (LEME 2001 , ZIMMER & ISLER 2003 .
The discrimination of Drymophila species based on climate data, as expected, was very low, considering that these birds can occur sympatrically. Compared to our analysis (general discrimination 38,8%), the performance of a similar discriminant analysis (VILANOVA et al. 2005) , carried out on parapatric primate species of Cebus Erxleben, 1777, resulted in twice as many correct classifications (76.8%). The percentage of correct cases classified, when each species was compared with the remaining group, were always higher for the Cebus analysis (between 76.4 and 87. 6%) than for the species of Drymophila in our data (42.5 and 74.5%). Both studies applied the same methods and climatic and vegetation variables to analyze potential distribution of Atlantic Forest endemic species groups. They differ, however in the biogeographic patterns of distribution of their subjects, parapatric in Cebus and sympatric in Drymophila. These results seem to corroborate the hypotheses that the discriminant approach is not appropriate to modeling potential distribution for sympatric species.
It is important to remark that, although this study has been able to compile the occurrence localities, to appoint potential distribution determinants and to model the potential geographic distribution of the Atlantic Forest Drymophila species, the discriminant approach applied here was not satisfactory. That was probably because at the biogeographic scale of the Atlantic Forest biome Drymophila can occur sympatrically in many localities and most species have highly superimposed distributions. In turn, many localities present very similar climatic values, making the discrimination of the cases difficult. At the local scale Drymophila seems to exclude each other at regions of sympatry or co-ocurrence occupying sites with different characteristics of elevation, slope, aspect or fine vegetation type, as pointed by Rajão & Cerqueira (2006) . We suggest that future research addressing predictive geographical distribution modeling and coexistence of these antbirds species could be optimized by using a two part strategy: 1) by using novel machine-learning modeling algorithms; and (2) by improving the predictor variables database, both in thematic (e.g. including elevation and topographic variables) and spatial resolution (e.g. using more fine-grained data).The use of novel machinelearning modeling algorithms have advantageous characteristics as for example the implementation of a generative rather than a discriminative approach, only requiring presence data and the capability to utilize both continuous and categorical data.
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Figures 6-7. Potential distribution (shaded area) of Drymophila malura (6) and D. squamata (7). Dots are recording localities.
